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Abstract 
This paper investigates the influence of the uneven façade design on energy consumption from a integrated perspective. The 
computer simulation techniques were adopted to assess the effects of the façade sheltering sizes on the total energy consumption. 
To facilitate the model establishment, some scripts are written by MATLAB. The simulation results indicate that the façade 
sheltering generally makes the energy consumption increase, regardless of the sheltering types. And the influence range of the 
sheltering on the total energy consumption relates closely to the sheltering condition and the façade window position. 
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1. Introduction  
Due to the complexity of building design,  building façade often has uneven changes. These changes not only 
inspire architects to create interesting external images of buildings, but also have great influences on room's natural 
lighting and ventilation, which relate closely to the electrical lighting and air-conditioning energy consumption. 
However, in the design process, how to decide the size of sheltering wall to effectively lead natural wind and(or) 
shelter excess solar heating is a challenge for architects. Therefore, we need to understand the relationships between 
façade sheltering shapes and the integrated energy consumption. 
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Some previous studies had demonstrate the influence of building façade configurations on the daylighting, natural 
ventilation and associated energy consumption [1,2], and different window-to-wall ratio (WWR), room geometries 
and directions were analyzed. However, most of the research only discussed a simple rectangle building, without 
considering the uneven façade sheltering. The sheltering effects of building façade have also been evaluated in terms 
of daylighting and thermal performance. But most of the research focused on the shading devices performance [3,4], 
and few studies evaluated the relatively complex building forms with self-shading effects [5]. What's more, most of 
the analyses carried out on sheltering effects are only confined to either thermal or lighting aspect, which is limited 
for architects to make decision.  
In this research, the influence of façade sheltering design on energy consumption is analyzed from an operable 
aspect, and three types of sheltering conditions with three façade configurations ( window position changes) are 
discussed. The analytical method use in this paper is computer simulation technology. The simulation tool used was 
the EnergyPlus and Airpak. They are combined to simulate the annual energy consumption under daylighting and 
natural ventilation conditions. To facilitate the model establishment of EnergyPlus and Airpak, some scripts are 
developed by MATLAB to set up parameters and transfer data between the two software. With these programs, A 
prototypical room unit consisting of two zones is defined and a series EnergyPlus energy simulation are performed 
for different sizes of the façade sheltering schemes. Then the relationships of the total energy demand and the sizes 
of the façade shelterings are analyzed. 
2. Research methods 
2.1. Façade sheltering form 
As the aim of this study is to obtain the principle that how the uneven changes of building façade influences the 
daylighting, natural ventilation and associated energy consumption, a generic rectangular room with a floor-plan of 
3.6m × 9.0m is adopted to serves as the base case, which considers unsheltered condition, as show in Fig. 1(a). The 
room's long axis is aligned south-north direction and one internal wall is added in the middle of the room to separate 
the calculation room into a south-faced room and a north-faced room. This model is able to reflect the sun-lighting 
of south and north direction rooms and airflow features of multi-zones. These sizes fully consider the requirements 
in structure and function, such as office, apartment, etc.  
Façade sheltering conditions are considered for the south-faced room. With regard to the types of façade uneven 
changes, the sheltering conditions are divided into three types: east-side sheltering (E-Shade), west-side sheltering  
(W-Shade)and two-sides sheltering (D-Shade), as show in Fig. 1(b). The sheltering sizes (ΔD) of façade shelters are 
set as six dimensions - from 0.6m to 3.6m at 0.6m increments. The south and north façade each has a rectangular 
window with the window size of 0.6m × 1.2m. The window can be fully opened, and the windowsill is 0.9m. Three 
horizontal locations representing left (Wi-A), middle (Wi-B) and right window (Wi-C) are considered in the south 
room,  which reflects the sheltering effects. The façade Wi-B is adopted as the north façade of the north room. 
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Fig. 1. (a) Calculated room and façade window configuration; (b) Façade sheltering types and changing. 
2.2. Building specifications and data processing 
The façade configurations are investigated for an air-conditioned office room,  located in Nanjing (China), which 
belongs to the hot summer and cold winter zone according to China climate classification. The building envelope 
construction are set according to the common-used building construction in engineering practice at present, as show 
in table1. And the window is double-layer hollow glass window (6mm glass +12mm air+6mm glass), with the direct 
solar energy transmission coefficient of 0.53. The internal gains of people, equipment and lighting are set according 
to the Chinese National Standards 'Public Building Energy-Saving Design Standards', with 11 W/m2, 4 W/m2 and 20 
W/m2 respectively [6]. 
Table 1. Thermo-physical properties of building materials (TH: Thickness, TC: thermal conductivity, DE: density, SH: specific heat). 
Building envelope  Major material TH (mm) TC (W m-1 k-1) DE (Kg m-³) SH (J Kg-1 K-1) 
Roof  
Forming ceramic insulation board  120 0.08 280 1000 
Coiled material coating waterproof 3 0.170 600 2842 
Reinforced concrete 120 1.74 2500 2500 
External wall  
Coating   2 0.93 1700 1911.5 
Thermal-insulating blocks 200 0.268 1200 560 
XR inorganic thermal mortar  10 0.052 184 1170 
Ground  
Cement mortar 20 0.93 1800 1050 
Foaming ceramic insulation board   35 0.08 280 1000 
Coiled material film waterproof  10 0.170 600 2842 
Reinforced concrete  100 1.74 2500 920 
2.3. Integrated simulation model 
The integrated simulation of daylighting and natural ventilation is performed by EnergyPlus, which is an dynamic 
energy simulation program. Its daylight module and natural ventilation module can be coupled with thermal module 
to calculate the daylight, airflow and associated energy consumption. The accuracy and validity have been evaluated 
by numerous experiment [7,8]. The tests revealed that the simulation results of EnergyPlus showed reasonable 
agreement  with measurement data and is suitable for  the building envelope design in the design stage. 
For daylight simulation, the daylight/detailed module of EnergyPlus is used to calculate the interior daylight at 
each heat-balance time-step when the sun rises up. Two reference points for the daylight calculation are chosen in 
each room unit to consider the direct and diffuse light. The two points are placed on the central axis of the office, at 
1.0 m apart from the inner and outer wall of the room, at a height of 0.80 m above the floor. To calculated the 
lighting energy saving from daylight, continuous dimming control mode is used to determine the supplementary 
lighting energy by calculating lighting electric reduction factor. 
For natural ventilation, the multi-zone network module is adopted. Using this module, the windows are defined in 
the ‘detailed opening’ objects, which allow the detailed description of window configurations. Temperature 
dependent ventilation mode is selected to allow the window to be opened when the interior air temperature is higher 
than outside air temperature. Wind pressure coefficient (Cp) is a important boundary condition for natural ventilation. 
In EnergyPlus, the default Cp values are 'surface averaged', which can only be used to calculate rectangular building. 
So in this research, the 'input' mode is adopted, and Airpak, a computational fluid dynamics (CFD) software, is used 
to provide wind pressures at the window area, then the Cp values are calculated according to  the following equation: 
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Where P0 is the static reference pressure (Pa), ρ is the air density (kg/m3) of  the approach wind and Uh is the 
reference wind velocity (m/s) taken at the height h of the building. To provide valid wind pressure data of building 
façade, the establishment of the CFD model follows AIJ (Architectural Institute of Japan) guideline[9]. 
2.4. MATLAB based data process programs 
The data process program, which is developed by MATLAB, is composed of three parts. The first part is the 
building forms and boundary condition data processing module, mainly responsible for the functions of building 
geometry and boundary condition data, including building database establishment, geometry and boundary condition 
data saving and reading. The second part is the simulation software parameters processing module, mainly 
responsible for the EnergyPlus and Airpak model establishment according to input file format, data (Cp values) 
transfer between the two softwares and calculation performing. In this research, 12-direction wind pressure 
coefficients (the wind direction interval is 30°) is provided for EnergyPlus and a bat file is generated to 
automatically perform the calculation. The third part is the simulation results processing module, which is divided 
into simulation results analyses and data visualization modules.  
3. Result and analysis 
3.1. Simulation result 
Fig.2 shows the influence of façade sheltering size on the south room's total energy consumption (heating, 
cooling and lighting load, Etot) under east-side, west-side and double-side sheltering conditions. As the sheltering 
size (ΔD) increases, the total energy consumption increases for all the three sheltering conditions. This changing rule 
is especially obvious when the façade window is located closer to the ease-side or west-side sheltering. For example, 
under the west-side sheltering condition (Fig.2a), as the sheltering sizes increases from 0.0m to 3.6m, the south 
room’s total energy consumption increases by 20.5%,  4.3%  and 2.8%, corresponding to the windows located at the 
west-side (Wi-A), middle (Wi-B)  and east-side (Wi-C) of the façade, respectively.  
 
 
Fig. 2. Influence of façade sheltering size on the south room's total energy consumption (Etot) under (a) West-side sheltering (W-Shade), (b) East-
side sheltering (E-Shade), (c) Double-side sheltering (D-Shade). 
The turning point of the sheltering size (ΔD) on the total energy consumption appears at about 1.2~1.8m, which 
relates to the sheltering conditions and façade window opening positions. It is mainly due to sheltering effects of the 
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west-side or (and) east-side shelter(s) on the façade window. When the window is situated nearby the façade 
sheltering, the total energy consumption undergoes a quickly rise then a slowly rise with the sheltering size 
increasing. Under the west-side sheltering, as show in fig. 2a, when the façade window is located at the west-side 
(Wi-A), the turning point of the sheltering size is about 1.2m. While under the east-side sheltering, the turning point 
of the sheltering size appears at about 1.8m with the façade window locating at the east-side (Wi-C), as show in fig. 
2b. Under the double-side sheltering condition (fig. 2c), the total energy increase under the duplicate effect of  the 
west-side and east-side shelterings. However, the changing range is mainly affected by the façade window position 
and the nearest sheltering. When the window locates at the west-side (Wi-A) of the façade, the total energy 
consumption is more influenced by the west-side sheltering, and vice versa. When the window locates at the middle 
(Wi-B) of the façade, the west-side sheltering exerts relatively more effect, comparing with the east-side sheltering. 
3.2. Result analysis 
The simulation results indicate that the façade sheltering generally makes the energy consumption increase, 
regardless of the sheltering conditions types. It is mainly due to the integrated sheltering effects of the façade 
shelters on daylighting, solar heating and natural ventilation, which synthetically influence the lighting, heating and 
cooling energy consumption. Among these influence factors, daylighting exerts relatively more effect, as show in fig. 
3(a-c). As the sheltering size increases, the lighting energy consumption (El) increases, due to the decrease of 
daylight. When the façade window is located closer to the sheltering, the lighting energy is more of effect to the size 
changing of the façade sheltering. The changing rule of the lighting energy consumption shows relatively good 
agreement to the total energy consumption.  
 As the sheltering size increases, the heating (Eh) or cooling  (Ec) energy consumption also increases. But as for 
the east-side and west-side shelterings, the effects are different. Fig.3(d-f) show the influence of sheltering size on 
the heating energy consumption, under different sheltering conditions. Under the west-side sheltering, the heating 
load increases. However, under the east-side sheltering, the heating load nearly keeps still. It might be because of the 
sheltering effects on the solar heating gain from window. But as for the cooling energy consumption, the sheltering 
exerts inverse effects, as show in fig.4(d-f). It is mainly due to the prevalent southeast monsoon in Nanjing area in 
summer. The east-side shelter mainly blocks the wind, and the west-side shelter leads the wind. The leading and 
blocking effects of the façade sheltering to natural ventilation can be further confirmed by the calculation of the air 
flow rate per hour (ACH), as show in fig.4(a-c). In the west-side sheltering condition, the ACH value increases 
slightly, which reduce the cooling energy consumption a little in the summer. But in the east-side sheltering 
condition, ACH values decrease greatly, which increase the summer cooling energy consumption. 
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Fig. 3. Influence of façade sheltering size on the south room's lighting energy consumption (El) and heating energy consumption (Eh) under (a, d) 
West-side sheltering (W-Shade), (b, e) East-side sheltering (E-Shade), (c, f) Double-side sheltering (D-Shade). 
 
 
Fig. 4. Influence of façade sheltering size on the south room's air change rate per hour (ACH) and cooling energy consumption (Ec) under (a, d) 
West-side sheltering (W-Shade), (b, d) East-side sheltering (E-Shade), (c, f) Double-side sheltering (D-Shade). 
4. Conclusion 
This paper presents a method and a series of simulation process in evaluating the sheltering effects of uneven 
façade on the integrated energy consumption for office building in the hot summer and cold winter zone of China. 
The results show that as the sheltering size increases, the total energy consumption generally increases, regardless of 
the sheltering conditions types. The increase of the energy consumption is mainly due to daylighting. The turning 
point of the sheltering size on the total energy consumption can be found out, and the value relates closely to the 
sheltering conditions and the façade window positions. 
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